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Abstract 
Environmental proactivity is determined by several drivers, each of them being able to model the degree of corporate 
responses to environmental challenge.  For more than twenty years Climate Change issues are still crossing both political 
and economic agenda. The increasing attention regarding environmental problems calls the company to react and adapt its 
strategy to this new issue. Despite the fact that in the next future the eco revolution would affect every business activity, 
there exist some industries with high environmental impact which more liable for such change. The aim of the paper is to 
present a fuzzy rule based model to assess a corporate environmental performance. In order to cope with this challenge the 
article illustrates an example from food industry.  
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1. Introduction 
The researchers and practitioners begin to consider the environmental issues several years ago and, as a 
result, environmental literature is expanding more and more. But it lacks a specific framework that classifies 
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reactions to different environmental pressure issues.  
The United Nations Conference on Environment and Development (UNCED) held in Copenhagen in 2009 
reached a consensus that environmental protection has become more important than ever. Despite the fact that 
conference failed to achieve the proposed goals, the general idea every participants recognized is that the 
progressive degradation of environment is a serious challenge to sustained economic development. 
Interaction between industry and environment tends to become increasingly complex and unfortunately 
tends to have a destructive effect, irreversible after a certain limit. In the last twenty years or more, not only 
more and more firms from industrialized countries have been required to increase their protection of 
environment and society, but developing countries are also strengthening their environmental protection 
activities [1]. In the same time, the firms must satisfy the new demands from consumers who require more 
serious concern for sustainable development. Through environmental research, many researchers try to offer 
friendly-environmental support programs for policy makers to reduce the influence of enterprises and 
consumer behavior on natural environment. In this paper, a fuzzy rule-based model was developed, which 
uses data sampled from different environmental parameters in order to assess the environmental performance. 
Based on this approach, a fuzzy based model that uses as inputs environmental indicators compute them using 
fuzzy reasoning to provide an output. The model it is used to evaluate the environmental sustainability of the 
company and also can identify areas of particular interest to managers. The method could become a useful 
tool to decision makers as they strive towards environmental assessment. 
2. Fuzzy based system approach 
Several methods are underlined literature in order to evaluate environmental impacts of firms and 
consequently to assess the environmental performance. Selecting the appropriate method depends upon the 
purpose and aim of the analysis.  
Fuzzy logic due to the capability of representing uncertain data, emulating human thinking and handling 
vague situations tailors as a performing tool in order to assess environmental impact. Fuzzy models have an 
interesting ability to represent the processes with different types of data. Fuzzy logic is often referred to as a 
a well-defined mechanism to cope with uncertain and 
incompletely defined data, so that one can make precise deductions from imprecise data. A fuzzy system is a 
rule  based system that maps an input vector of numerical or linguistic variables into a numerical output. 
Fuzzy or linguistic variables do not describe numerical data, but are scaled between zero and one by the 
membership functions. Operations performed with fuzzy variables and associated fuzzy rules are based not on 
precise models of the process, but on qualitative understanding of physical phenomena, such as: IF 
(temperature is high) THEN (decrease order). In general, the fuzzy logic provides an inference structure that 
enables appropriate human reasoning capabilities [2].  
The ecosystem in which they operate any company consists of four main components that are intertwined 
as follows: water, land, air and biodiversity. The environmental proactivity of a company is defined as the 
tendency of an organization to implement voluntary management practices aimed at improving environmental 
performance or to establish the systems that make such improvement possible [3]. 
Environmental performance assessment for the varying activities performed by organizations requires a 
pertinent approach, which cannot be simplistic, to the information held. When the environmental impact of a 
given company is assessed, the model to be used should be tuned to the particular realities of the corporation. 
2.1. Structure of the system 
As shown in Figure 1, the Overall Environmental performance (OEP) encompasses four broad components 
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named: land integrity (SOIL), water quality (WATER), air quality (AIR) biodiversity & habitat (BIOD). 
These components are called primary indicators and are depending of basic indicators provided by specialists 
in domain. 
The fuzzy model is based on a relevant number of environmental indicators which are aggregated and the 
outcome is the knowledge in order to represent the interrelations and principles governing the components of 
the overall environmental performance. The rules and input/output of each such knowledge are expressed as 
[4]:  
IF AIR IS bad AND WATER IS good AND SOIL IS good AND BIOD is good THEN OEP IS AVERAGE;  
 
 
Fig. 1. Configuration of the OEP 
3. Environmental performance indicators  application  
The choice of basic indicators depends on the type of organization under consideration. A short definition 
of the basic indictors used is provided below. For everyone it is specified the most desirable and least 
desirable values related to the specific industry. Norm and targets for these indicators are dictated by legal 
requirements and expert knowledge. But for some of these basic indicators minimum and maximum values 
shed in which case some calculations were computed based on average values of industry. 
For biodiversity parameter was no data available so the system looks like in figure 2. 
 
 
Fig. 2. Overall environmental performance for food enterprise. 
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AIR 
GHG: Greenhouse gas (GHG) emissions gra
change. It is assumed that lower is better and that any value below a certain threshold is sustainable.. The 
threshold is set at TGHG = 0.35 g per kilogram tons.The upper bound at which sustainability is zero is the 
maximum value over all years for all companies. This value is UGHG = 0.8. 
 TR: toxic releases in air (grams per kilogram produced). Similar to GHG, lower is better. The 
upper target is chosen as average over all data point and it is TTR=9.5 g per kg of production. The 
maximum value is UGHG = 15g/kg. 
LAND 
 NHIW:  Non-Hazardous Ordinary Industrial Waste (grams per kilogram produced) is the mass of solid 
waste that is dumped by the company into a landfill, rather than reused or recycled in some manner. As 
previously, the average value TSW = 1350 g/unit is considered to be the threshold for sustainability and the 
maximum USW = 2000 g/unit produced as the smallest undesirable value. 
 RECY: Solid waste recycled (percent of total) is a measure of how efficient the company is at limiting its 
ecological footprint. A lower threshold of URECY = 50% waste recycling is subjectively chosen as 
unsustainable. A higher rate of recycling increases sustainability linearly to TRECY = 95%, where it is 
assumed that sustainability is one. 
 HIW: Hazardous industrial waste (tons per unit produced) generated by the company harms the ecosystem 
because that waste must be treated or dumped. Suppose that any level of waste production below THW = 
0.250 kg/unit (industry average) is sustainable with value one, with sustainability decreasing linearly to the 
maximum value UHW = 0.5 kg/unit. 
WATER 
 WATER: Water use 
water use is better, so we set the upper target level to the industry average Twater = 3 l of water per unit 
product and the lower unsustainable value to the maximum over all companies, Uwater = 5l . 
3.1. Data analysis and Normalization 
First of all basic indicators are passed through a filter that normalizes their values in [0,1]. Normalized 
values, given in parentheses, are computed by linear interpolation between most desirable (target) and least 
desirable indicator values. In order to use exponential smoothing for the normalized values is performed by 
using weighted sum of present and past indicator data as input to the model. 
Table 1. Basic indicator and corresponding normalized values for selected firm 
Indicator Annual indicator value  - normalized value 
2004 2005 2006 2007 2008 2009 2010 
GHG NA NA NA NA 158.58 
(0.698) 
167.34 
(0,726) 
178.52 
(0,859) 
 
TR 
NA 10.5 
(0.904) 
10.7 
(0.887) 
10.2 
(0.913) 
10 
(0.95) 
10 
(0.95) 
9.6 
(0.989) 
 
NHIW 
1500 
(0) 
1340 
(0.995 
1351 
(1) 
1,178 
(1) 
940 
(1) 
950 
(1) 
940 
(1) 
RECY N A NA NA 0,9 
(0,947) 
0,9 
(0,947) 
0,9 
(0,947) 
0,95 
(1) 
 
HIW 
0.300 
(0.833) 
0.300 
(0,833) 
0.270 
(0,926) 
270 
(0,926) 
270 
(0.925) 
260 
(0,961) 
250 
(1) 
 
WATER 
NA 4.1 
(0.731) 
4.1 
(0.731) 
4 
(0.8) 
4 
(0.8) 
3.6 
(0.972) 
3.5 
(1) 
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4. Fuzzification  
Normalized 
3.a. For composite 
indicators 
low or average values of normalized indicators. Hence, the fuzzification is somewhat pessimistic 
which agrees with widely accepted assessment practices. For those five linguistic values are 
assigned integer values, such that 0 correspond to VB, 1corespond to B, and so on [4]. The final 
crisp value for the OEP  is computed using height defuzzification and the outcome will be :a 
number between 0 and 1. Value obtained reflects the impact it has on the environment chosen 
company. As these values are close to 1 means that the company impact on the environment is less 
harmful. 
 
 
 
 
 
 
Fig. 3. Membership functions for basic environmental indicators (a) and composite (b). 
5. Conclusion  
The model proposed provides new insights of environmental assessment, and it may serve as a practical 
tool for decision making and policy design for the enterprise or company. The problem of environmental 
performance assessment becomes one of specifying priorities among basic indicators and designing 
appropriate policies that will guarantee sustainable environmental progress.  
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